Station 18, about midwaybetweenthe Banks-Westward and the . Fastnet groups of stations, is considered separately.
Where a depth is referred to, the mean depth of the hauls which supplied the~data is meant. The data will be found in the Appendix, Table XIII , where the actual frequency at each 5-cm. group is denoted by an upright, the percentage frequency by an italic numeral. '' ''''''~~;;'-"'''-'''''-'''''-'''' .,/ INNER'.':Nt> GAccEYHEAD. ., , OUTER /F"TNET. In Figure 2 four pairs of curves are drawn. The pecked line refers to males, the continuous line to females. The curves show the percentage of the fish measured, which were present in each 5-cm. group, each sex being separately considered. The grouping was as follows: more than 25 but less than 30 em., more than 30 but less than 35 em., etc. In the figures, the plotted point is at the mid-point of the group.
,.~"~Q
The uppermost pair of curves refer to the fish measured in Bantry Bay, at a mean depth of 30 fathoms. Both males and females show a wellmarked mode at a length, calculated by Wollaston' s "three point" method (Wollaston and Hodgson, 1929) , of 34.21 and 34.20 em. respectively. Both curves show a second mode at about 42 em. (the exact modal length cannot be calculated by Wollaston's method) , and a third mode, at 67.5 em. in th~demale, and 68.5 em. in the male. The curves show that the males in the sample tend to be larger than the females, for, in the first mode, 47.8% of the females, but only 39.8% of BANTRY BAY. 30 FATH5. MALE'. -FEMALE'. -_-:
:---- , I~' 1./ , the males, in the second mode, at about 42 em., 12'0% of the females, but 15,2% of the males, and in the third mode, at 67 em., only 2,2% of the females, but 6.3% of the males, are present. In confirmation of this, the median for the females is found to be 35.4 em., for the males, 37,3 em. The two curves for the Galley Head measurements, at a mean depth ,of 61 fathoms, show clearly how, with the deeper water, the size of the ,dogfish has increased. The first mode, at a calculated length of 33.58 em. in the female, and 34.60 em. in the male, has a slightly lower modal length than in Bantry Bay, but, on the other hand, only 10'8% of the females and 1l.3% of the males are present at this mode. The Bantry mod~!It 42 em. ig not indie!lt~d, but th~r~!lr\)two digtinet modeg, one at about 58 em., the other at 66.52 em. in the female (calculated modal length) and 66.67 em. in the male. Both these modes are foreshadowed in the Bantry sample, but very few fish are present in them. In the Galley Head sample they predominate, with 14.7% of the females and 23'0% of the males. In this sample also, therefore, there is a tendency for the males to be larger than the females; this may be seen in the higher percentage of males than of females in the modes at 58 and 66 em.; but in the medians, which are 62.7 em. for females, and 60.0 em. for males, the reverse is apparent. This is due, however, to the number of very large females in the sample. As the Appendix, Table XIII , shows, no fewer than 5'8% of the females are between 80 and 84 em. in length, and 3.5% between 85 and 89 em. As a later section will show, these are pregnant females which have migrated inshore to give birth to their young.
The two curves for the Inner Fastnet measurements show a further increase in size associated with the increased depth (89 fathoms). Small . fish are not present; both males and females give an unimodal curve, with a calculated modal length of 64.81 em. in the female, and 70.33 em. in the male. The medians are 65.9 em. in the female, and 69.2 em. in the male. In this sample, therefore, the males were distinctly larger than the females. .
I
Finally, the Outer Fastnet measurements (100 fathoms) also give unimodal curves for both males ahd females. Here, however, the femaleI'> I are larger than the males, for th~calculated modal lengths are 69.17 em. in the female, and 68.93 em. in the male. The medians are 69.9 in the female, and 68.9 in the male. It is important to notice that, in the deepest water, 100 fathoms, there are 5% of the females at 80 to 84 em., and 1.4% at 85 to 89 em., whereas at 89 fathoms there are only 2.9% of the females at 80 to 84 em., and 0.7% at 85 to 89 em.
In these four samples from the Fastnet group of stations, therefore, we may see the progressive increase in length of the dogfish with increase in depth, manifesting itself in (a) a movement of the modal lengths to the right, (b) an increasingly higher proportion of the fish at the higher modes,. and (c) an increasingly higher median.
THE BANKS-WESTWARD STATIONS.
In Figure 3 are drawn three pairs of curves. These refer to the samples. collected on the three stations comprising the Banks-Westward group ( Figure 1 ). As the Appendix, Table XIII , shows, the data from these stations are less abundant than those from the Fastnet group of stations, but their interpretation is no less clear and unequivocal. In Figure 3 , as in Figure 2 , the pecked line refers to the males, the continuous line to the females.
In the Banks sample (69 fathoms) two modes are seen, with calculated modal lengths of 33.55 em., and 55.30 em. in the female, and 33.80 em. and 52.18 em. in the male. The second modal length is therefore slightly higher in the female than in the male; on the other hand, in the first mode 33.8% of the females, but only 18.4% of the males are presBnt, and in the second mode, 11.5% of the females, but 21.9% of the males. Thus, at this station, as at the Bantry Bay, Galley Head, and Inner Fastnet stations, the males present have a greater size than the females. This if:> Table XIII. further shown by the medians, namely, 39.5 em. in the female, and 47.8 em. in the male. The measurements made on the Cockburn Bank (81 fathoms) show that, in this deeper water, the length of the fish of both sexes has increased. Three distinct modes are shown by the curve for females, at calculated modal lengths of 32.37 em., 48.32 em., and 63.07 em. The first of these modes is plainly identical with that shown at 33.55 em. in the Banks sample, but, at 81 fathoms, only 21.5% of the females are present at this mode, as compared with 33.8% at 69 fathoms, while at the second and third modes, at 81 fathoms, 19.5% and 12.7% of the females are. present. The males show two distinct modes, which give calculated modal lengths of 32.31 em. and 66.37 em. The first of these is identical with the first of the modes in the curve for the females, but only 7'3% of the males are present at this mode, as compared with 21.5% of the females. The second mode in the curve for males, at 66,37 em., contains no fewerthan 30'0% of the males. Here again,therefore, the malesin the sample are distinctly longer than the females in the sample, and the medians show this well, that for the males being 63.1 em., for the females, 48.9 em.
Finally, the Westward sample shows curves of the same type as the Outer Fastnet sample in Figure 2 . The females are distinctly larger than the males, the curves. for both sexes are unimodal, with calculated modal lengths of 81.79 em. in the females, and 71.40 em. in the males. The medians are 81.0 em. in the females, and 70.5 em. in the males.
In the Banks-Westward series of stations there is shown the progressive increase in size of the dogfish of both sexes, with increase of depth, and, except in the Westward. sample, the larger size of the males, as compared with the females, in any given sample. When the Banks-Westward stations are compared with the Fastnet stations, however, three points arise which must be noted, as they will be referred to later.
Firstly, there is a different relation to depth in the two groups of stations. The Banks curves, when compared with the Galley Head curves, show, in spite of the closely similar depth, a smaller size of dogfish; this can be best expressed by comparing the medians, which are 39.5 em. in the female, and 47.8 em. in the male, in the Banks sample, at 69 fathoms; but 62.7 em. and 60.0 em. in the males and females respectively, in the Galley Head sample, at 61 fathoms. A comparison of the Inner Fastnet (89 fathoms) with the Cockburn Bank (81 fathoms) shows the same phenomenon.
Secondly, no such shallow water was worked in the Banks-Westward group of stations as was worked in Bantry Bay (30 fathoms), but, on the whole, small newly-born dogfish were much scarcer in the BanksWestward than in the Fastnet group of stations, and had a smaller size. The modal lengths were 33.5 em. and 33.8 em. in females' and males in the Banks sample, but 34.2 em. in male and female in the Bantry sample. The difference, though slight, may be significant.
Thirdly, whereas, in the Fastnet group of stations, the largest females tended to be well represented in the shallow water stations, such as Bantry Bay, and especially Galley Head, in the Banks-Westward stations they are almost absent from the Banks and Cockburn Bank stations. On the other hand, they were concentrated in the deep . water on the Westward ground to a much greater degree than on the Fastnet grounds at approximately the same depth. The impression is given that, in the Fastnet region, there had been a migration of the large females into shallow water, which had not yet taken place, or had only just begun, on the Banks-Westward stations at the time' of the voyages.
THE GALWAy-BULL STATIONS.
As the Appendix shows,* dogfish were very scarce on the Bull grounds, probably on account of the comparatively great depths fished there. The few specimens taken were found in the shallowest hauls (98 and 105 fathoms). The distribution of Acanthias with depth has been discussed elsewhere (Hickling, 1928) , and it was shown that, in the Faroe-Shetland Channel, and off the West coast of Scotland, this fish was taken at every depth from 90-JOOto 500-520 fathoms. The scarcity of dogfish in the deeper water on the Bull and Westward grounds may well be due to a regional, or, much more probably, a seasonal, variation in distribution. '<0 ,: u " '" The 22 dogfish taken on the Bull grounds were, with five exceptions, between 60 and 90 cm. in length, but the sample is too small to be worth further discussion.
The Galway Bay sample consisted almost wholly of young newly-born fish, as Figure 4 shows. There is a single mode, at a calculated modal length of 32.99 cm. in the females, and 32.75 cm. in the males. The curves for male and females, however, fit more closely than in any other sample. Besides these young fish, there were six large females of 70 to 93cm.
The third station, at 21 fathoms inside the landlocked waters of Galway Bay, was only sampled with a single haul of one hour's duration. This haul yielded 38 dogfish, which showed a length-distribution as follows :- The dogfish found in this very shallow water, therefore, fell into two sharply defined groups, the one, of small fish between 25 and 44 em., the other, of large fish between 70 and 99 em. Of the large fish, all but one were females.
A comparison has already been made between the Banks-Westward . and the Fastnet groups of stations, and the conclusion was drawn that, among the large females, there was a migration inshore, which had not yet commenced in the Banks-Westward region, but was well advanced in the Fastnet region. It may be suggested that, in the Galway-Bull region, this inward migration of large and, as we shall see in a later section, pregnant females, was even more advanced than in the Fastnet region. For in very shallow water in Galway Bay, the fish consisted almost wholly of pregnant females and newly-born young, while in deeper water, in 55 fathoms, the fish consisted almost wholly of newly-born young, with a few pregnant females. The inshore migration of pregnant females, therefore, which, according to Travis Jenkins (1925) , bear their yoUng in very shallow water of 3 to 6 fathoms, is complete in the Galway-Bull region, is far advanced in the Fastnet region, but has hardly commenced in the Banks-Westward region.
The very great abundance of newly-born dogfish in Galway Bay is further evidence of this completion of the birth of the young. They were abundant at 55 fathoms in the Galway-Bull region, whereas, in the Fastnet region, they were most abundant at 30 fathoms, and comparatively scarce at 61 fathoms. This difference is probably the consequence of the earlier birth of the young in the former region, for, according to Travis Jenkins (loc. cit.) , the young dogfish move away from shallow water shortly after birth.
The sample of dogfish taken at Station 18, midway between the BanksWestward and the Fastnet regions, furnishes percentage frequency-curves which are shown in the lower part of Figure 4 . Both males and females show one predominant mode, at calculated modal lengths of 61.12 em. in the female, and 68.12 em. in the male. The medians are 61.4 em. in the female, and 67.7 em. in the male. This sample, therefore, furnishes further evidence of the larger size of the males at any given depth, such as has already been shown to be the case in both the Banks-Westward and Fastnet regions.
Both males and females show a mode at a lower length also, indicated by a flattening of the curves at about 45 em. in the female, and 58 em. in the male.
When the frequency-curves are compared with the series in Figures 2 and 3, it is clear that the sample from St $ iOn 18 more closely resembles the Fastnet samples than the Banks-Wes ard samples, having regard to the depth at which the sample from Stati n 18 was fished.
THE SEx-RATIO.
Figures 2, 3, and 4 have represented the percentage frequency-curves of each sex considered separately. They therefore give no information as to the relative numbers of the sexes. Table XIII in the Appendix will show that the sex-ratio shows considerable variation in the samples, but is related to depth in such a way, that, down to a certain depth, the percentage of males increases, but, beyond that depth, decreases, until, in the deepest water, females form the great majority of the fish. The sex-ratios must be interpreted in the light of the length-distributions.
In It will be clear, from what has been said in the foregoing pages, that, in both males and females, there is a segregation according to size, such that the larger fish tend to be found in deeper water. Since in any given sample from shallower water the males tend to be larger than the females, the males are distributed in shallower water than the females. Ford (1921) , whose work will be constantly referred to in this paper, found that male and-female dogfish are born in approximately equal numbers, and at the same length. The segregation of males in shallower water than the females will therefore tend to result in a sex-ratio, except in very shallow water, of more than 50% females. For example, in the Galway Bay sample, from a depth of 55 fathoms, the dogfish, which were, by their length, plainly newly-born, already showed 56'9% of females, and in Bantry Bay, where conditions were much the same, 59'2% females. This difference in the distribution of the sexes is the first factor affecting the sex-ratio.
But the females grow to a much greater length than the males. Ford's data show that the largest male examined during his work was 83 em., but his largest female was no em. in length. My own figures, as in Table XIII , show the same fact equally clearly. Therefore, since females grow to a greaterlength than the males, and since the dogfish, other things. being equal, are segregated according to size, with increase of depth, in the deepest water we should expect to find only big fish, and therefore chiefly female fish. This may be seen in the Westward and Outer Fastnet samples, where the percentage of females is respectively 84.1 and 88.0. This is the second factor affecting the sex-ratio, but it also acts in a somewhat unexpected way, as the next section will show.
The smaller size of the males is very well known as a general phenomenon among fishes. In the case of the Plaice (Wallace, 1907) , the Cod (Saemundsson, 1923) , and the Rake (Birtwistle and Lewis, 1924; Belloc, 1922) at least, it is due to a failure on the part of the males to maintain the rapid rate of growth shown by the females. The older year-groups among the males of these fish are therefore compressed into a much narrower range. of length than the females, and, although Wallace rightly suggests that male Plaice are more viable than the females, there will clearly tend to be a region in the scale of length where few year-groups of females, but many year-groups of maleo:; are present. At these lengths the males will tend to be more abundant than the females. In the case of the Dogfish, we have seen that the fish a;e distributed by size according to depth. Therefore there win be a certain depth at which males will predominate over the females. This predominance may be seen in the Cockburn Bank sample, in which there are only 37.8% of females.
This should be regarded as the normal distribution of the sexes, with depth, in the Spurdog. In the shallowest water there should be a slight predominance of males, then a region where there is a slight predominance of females, then a somewhat restricted region where males greatly predominate, and finally, at still greater depths, a gradually increasing predominance of females. It is, therefore, hardly possible to speak of the sex-ratio among dogfish as though this were a constant; it will clearly vary with depth, and also, almost certainly, with season.
But it has also been shown that there is a shoreward migration of pregnant females. The presence of these females, in any numbers, must tend to reverse the sex-ratio in those regions where males would, on hypothetical grounds, predominate. In the Galley Read sample, and, to a lesser extent, in the Inner Fastnet sample, these pregnant females were present in some abundance, hence none of the stations in the Fastnet series shows such a predominance of males as the Cockburn Bank Station, where the inward migration of the pregnant females had not commenced.
This alteration of the hypothetical sex-ratio in dogfish by the inward migration of the pregnant females reaches its extreme, of course, in the very shallow station inside Galway Bay, at 21 fathoms, in which, of the larger group of fish, 93.8% were females.
For comparison with theseTesults, data collected during the exploratory voyages of the Florence Brierley of Fleetwood, in March and April, 1927 , are of value, and afford good confirmation. Three cautionary remarks must be made. Firstly, the material is usually much scantier than that available from the stations of the GeorgeBligh; secondly, an ordinary commercial cod-end was used, without a covering of shrimpmesh; and thirdly, the shallowest water worked was 96 fathoms.
In Figure 5 are plotted the points representing the variation in sexratio, with increase of depth, as shown by the Florence Brierley samples. The abscissa represents the depth in fathoms, the ordinate, the percentage of females. The data will be found. There is a region where, for the reasons there stated, the males must tend to predominate, and, in these samples, 130fathoms is, roughly, the centre of this region. Beyond this depth\ females become dominant, until 90% of females is found at 210 fathoms. Moreover, the pregnant females were most abundant in the deep water; at this time, therefore, there was no inshore migration of pregnant females to mask the concentration of the males at the intermediate depth.
Something quite new shown by Figure 5 is the presence, in very deep water, of shoals of dogfish consisting exclusively of mature males. It may be taken as certain that these males were living pelagically, and were caught during the hauling or shooting of the trawl.
. 100 FATHOM: '. 150 SEXUAL MATURITY, PREGNANCY, AND THE EMBRYO. Ford (loc. cit.) finds that, in the male dogfish, sexual matnrity sets in at about 59-60 em., but, in the female, not until between 70 and 80 em. The smallest pregnant female in his samples was 72.8 em. in length, but he concludes that a female" before becoming mature, undergoes an extended adolescent period in which her first set of eggs are developing in the ovaries. The specimens under 70 em. in length were quite immature, and no conspicuous eggs were present in the ovaries."
In Figure 6 are drawn two curves, showing the percentage, respectively, of mature and immature males at lengths between 52 and 66 em. The earliest mature fish was 55 em. in length, the latest immature fish 63 em.
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f" /~---- The curves cross at some point between 59 and 60 em., so that I can entirely confirm Ford. The data are given in the Appendix, Table XV . The smallest pregnant female found in my samples was 64 em. in length, but I can confirm Ford's conclusion that pregnancy generally sets in between 75 and 80 em. In Figure 7 the percentage of pregnant females in the total females, at each 5-cm. group, is shown graphically. The data are to be found in the Appendix, Table XVI. The curve shows its most rapid rise from 75-79 to 80-84 em., but it never reaches 100% owing to the presence of newly-spent females.
In Table I the pregnant females found at each station are represented by a black dot. It should be said in passing, that these data on pregnancy are based on the females dissected for the weighing experiments to be described in the latter half of this paper. but plentiful in the Westward sample. In the Fastnet group of stations, pregnant females were plentiful in the Bantry Bay and Galley Head samples, but scarce in the Inner and Outer Fastnet stations, and from the sample from Station 18. In the Galway-Bull region, pregnant females were scarce in the Bull sample, but plentiful in the Galway Bay sample, a.nd in the shallow water inside the Aran Islands. Recalling what has already been said about the distribution of large females among the stations, it is clear that the distribution of pregnant females is identical with this, and that the inward migration of large females, deduced by an inspection of the frequency-curves, is, in reality, a. shoreward migration of pregnant females to bear their young in shallow water. This shoreward migration was far advanced in the Galway-Bull The results of the voyages of the GeorgeBligh, therefore, show us the distribution of pregnant females at the time of the birth of the young, which, as Ford finds, takes place from September onwards. The voyages of the Florence Brierley, on the other hand, show that, in the early spring, the pregnant females are found in the deeper water. As the Appendix, Table XIV , shows, the four well-sampled hauls of March 29th and 30th, and March 31st and April 2nd, give clear indication of the shoaling of the pregnant females in deeper water. This, however, is simply the consequence of the segregation of the larger sizes of dogfish in the deeper water, already demonstrated earlier in this paper. The segregation is upset only by the inward migration of the pregnant females in thesummer and early autumn.
Ford has measured large numbers of embryo dogfish throughout the seasons, with very instructive results. In my judgment, he proves beyond doubt that the breeding season has definable limits, and that embryonic development is lengthy, taking about 25 months. Ford concludes that" from September onwards, specimens from 23 to 31 em., inclusive, satisfy the conditions for birth." These results are based on samples of dogfish landed at Plymouth. Owing to this protracted gestation period, " on anyone day, the embryos are separable into two or three distinct size groups, according to the time of the year."
I have measured a certain number of the embryos found in the pregnant females fished by the GeorgeBligh, and my results entirely confirm Ford' s. The embryos fell into two distinct groups. One consisted of embryos between 4 and 7 em. in length, of which very few were measured, while the larger group consisted of embryos between 18 and 27 em., of which 233 were measured. In Table III are shown the length-frequencies of the embryos measured in the three regions.
Few measurements are available from the Banks-Westward region, but the Galway-B,ull embryos were plainly slightly more advanced than the Fastnet embryos, a fact which is wholly consistent with the suggestion that there is an earlier inward migration of the pregnant females in the Galway-Bull region. But the differences are slight, and it is evident that there would be no great lag in the time of birth of the young as between these three regions. The length distribution of the embryos in my samples agrees with Ford's August measurements.
In Figure 8 are drawn two curves. The pecked line shows the frequency at each centimetre length of the embryos of the larger group (all stations combined), the continuous line, the length-frequencies of the fish in the first mode of free-living young. The data are given in the Appendix, Table XVII . There is an overlap between the curves. Four fish, between 23 and 25 em. in length, which have been measured with the free-living young, can probably be neglected, for they were almost certainly squeezed from the parent by the violence of capture. Apart from these, the curve CM: '> 
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-- All stations, George Bligh,August, 1925. Data in Table XVII. for unborn young ends, and that for free-living young commences, at 27 em. It is curious that the modes of the curves for unborn and free-living young should be so widely separated. The modal lengths are roughly 23 and 32 cm.-9 em. apart. There are four possibilities.
(1) Growth may be very rapid immediately after birth.
(2) There may be a periodicity in the growth and birth of the embryos, suoh that the smallest free-living young belong to an earlier" wave."
(3) There may be a high mortality among the smaller newly-born fish. The resulting survival of the larger fish would effectively shift the modallength of the free-living young to the right.
(4) The birth of the young may not have yet begun, contrary to what has been suggested earlier in this paper. The free-living young may therefore belong to last year's brood, which has grown 9 em. in the interval.
Taking the last suggestion first, it is very unlikely that this is the correct explanation, because Ford finds that unborn embryos may reach a length of 31 em.; secondly, because there is a continuity between the curves for unborn and free-living young, in Figure 8 , and 9 em. seems, on the face of it, to be too small an increment in a year; and, finally, because, in many of the free-living young, the umbilical scar was still plainly visible, pointing to very recent birth.
While the third possibility given above is quite strong enough to be borne in mind, Ford's extensive measurements do not confirm the fourth suggestion, that there is a periodicity in the birth of the young.
When" condition" is dealt with later in this paper, it will be shown.-that there is a heavy loss in the condition of the liver as between unborn and free-living dogfish; in my view, growth immediately after birth is very rapid, and is carried out at the expense of the reserve materials stored in the liver of the embryo.
Summing up the results of the first section of this paper, the distribution of the dogfish at the time of the voyages is as follows: the males are present in shallower water than the females, and, owing to the strict segregation of the fish of both sexes according to size, and the smaller size attained by the males, in the deeper water females predominate. These big females are mostly pregnant, and make a migration from the deep to the shallow water to bear their young. The young are born at about 26 em., and, growing rapidly, move off to deeper water, the males already separating in shallower water than the females. Apart from the inward migration of the pregnant females, the dogfish seem strictly segregated according to size, in such a way that the larger fish are found in deeper water. The same segregation, according to size, was observed during the voyages-of the Florence Brierley, in the early spring; it probably holds good at all times of the year.
The inward migration of the pregnant females, and the bearing of the young, seem to proceed from west to east, the process being most advanced to the West of Ireland, and least advanced in the latitude of Cornwall. This roughly-sketched picture will be compared, in the discussion, with Ford's notes on the dogfish landed at Plymouth market.
II. CONDITION.
A considerable number of weighing experiments were made on the Dogfish during the cruises of the George Bligh. The degree of accuracy, to be expected in weighings made at sea, is discussed in Section A of my Hilke report (1930) . Only larger dogfish, of more than 50 em., were dealt with in these weighing experiments.
The procedure was as follows: the fish was first measured, then the gut and gonads were removed, and the gutted fish weighed. The liver was then weighed, the stomach-contents, if any, noted, and, if the fish were a female, whether it were pregnant or not. Any embryos were removed and measured.
The data obtained were, length, sex, sexual condition, weight of liver, and weight of flesh. By" flesh" is here meant the gutted fish.
The data are set out in the Appendix, 
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'"' ''''''' 'NNER rA5TNH. 53 been grouped into three classes, namely, males (without distinction into mature and immature), immature and non-pregnant females, and pregnant females. Each class is further sub-divided into 10-cm. groups, and for each lO-cm. group the mean length, mean weight of liver, and mean weight of flesh has been calculated. Further, the value of the" coefficient of condition" k has been calculated for each lO-cm. category. This" coefficient k " is given by the weight of the liver, or flesh, as the case may be, divided by the cube of the length of the fish. The value so obtained has been multiplied by'100 in order to eliminate two decimal places. Selig Hecht (1913) published a note on the relation of weight to length in the dogfish Mustelus canis. He found that there was no sexual difference in the relation of weight to length in this fish. When weight was plotted against length, a curve drawn through the plotted points was found to have the form, y=ax3, .
where y is the weight, x the length, and a a constant" whose value depends on the units used." He found that the variations in the value of a with length are very slight, and therefore that" the relation of form to mass is clearly indicated by the young fish, and is continued with apparent mathematical accuracy as the fish increases in length and weight." Using his weight determinations, one can show that the value of the coefficient k is highest in the 40-50-cm. group, and decreases until the 70-80-cm. group, after which there is a recovery in the 80-90-cm. group. But it is hardly feasible to compare Hecht's figures with mine, since he has not distinguished, in his means, between females and males, nor between pregnant and non-pregnant females. An inspection of the data in the Appendix, Table XVIII, will show clearly that the coefficient k is not a constant in the case of either the liver or the flesh, in my observation. In the liver it increases slowly with increase of length, a fact which will be given special emphasis in the discussion, and, in the flesh, as in Hecht's material, it decreases slowly with increase of length. But, for the present purpose, it may be considered constant over a short range of length, and therefore in comparing fish whose mean length varies only slightly from sample to sample. At the same time, this variation renders it risky to compare the mean value of k in samples with a wide range of length. In this section, therefore, the data are divided into length-groups, and the means for the groups compared in the different samples.
First, however, the mean values for all the fish of each biological sub-group, at each station, may be examined. In Table IV below are set out the mean value of k (liver) and k (flesh) in the males, with the mean depth of the stations, and the number and mean length of the fish examined. In Table V , a similar comparison is made for immature and nonpregnant females.
In immature and non-pregnant females also, there is a very well marked increase in the value of the coefficient k (liver) with increase of depth. As in the males, the stations in the Banks-Westward group give lower values than the other stations of a comparable depth. The mean. values for k (flesh) do not show the same relation to depth. . In every case, the mean value for k (flesh) is greater in the female than in the male, and in every case except the Cockburn Bank station the value of k (liver) is greater in the female than in the male.
Finally, in Table VI , that in pregnant females, as in the other two biological sub-groups of the dogfish, there is a very well marked increase in the value of k (liver), with increase of depth, and that this increase is not shown, at least so distinctly, in the values of k (flesh).
In the Bantry Bay and Westward samples, the mean value for k (liver) is distinctly less in pregnant than in non-pregnant females, that for k (flesh) greater. The latter is at first sight understandable, since the mean length of the pregnant females is much greater than that of the non-pregnant females. Later in this section, it will be shown that, even when the effect of a different mean length is minirnised, the liver of the pregnant female is generally lighter, the flesh generally heavier, than in non-pregnant females.
Tables IV, V, and VI show that, in many of the stations, the sampling is fairly adequate, at others, where very few dogfish were found, it is, of course, less satisfactory. But since the values for the coefficient k are not constant with increase of length, it will be necessary to confirm the conclusions drawn from Tables IV, V, and VI, by an examination of the fish divided into lO-cm. categories.
The lO-cm. categories into which the data have been grouped are 50-59 em., 60-69 em., etc., the number of weighings from which the mean has been calculated varies considerably from sample to sample, and the reliability of the mean varies accordingly. But, in the Fastnet group of stations, the sampling is satisfactory, and one can regard the results with some confidence. The stations in the Fastnet region will therefore be discussed first, and a comparison will then be made between the Fastnet group of stations and the remaining two groups of stations.
In Figure 9 four curves are drawn. Each curve represents the increase in mean weight of the liver, with increase of length, in immature and nonpregnant female dogfish. The four curves refer to the four stations of the Fastnet group. They are distinguished 1:;>y conventional signs eXplained in the figure. An inspection of the curves will show that they arrange themselves in such a way that the lowest curve is that for the Bantry Bay sample, the highest, the Outer Fastnetsample, in other words, the mean weight of the liver increases with increase of depth. This may also be demonstrated by using the coefficient k, as in the * Omitted in Figure 9 .
In allthree length-e!1tegorieB dealt with in the table, the value of k (liver) increases with incr€ase of depth; the only discrepancy is the value of the mean for 50-59 em. in the Galley Head sample. In Figure 10 are drawn the four corresponding curves for the mean weight of flesh in the stations of the Fastnet group. The flesh, like the liver, is seen to show a tendency towards an increase in mean weight with increase of depth, though this is not 80 well-marked as in the liver. The curve for Galley Head, in particular, is high, and the large fish at this station were heavier than the fish of corresponding size at either the Inner or the Outer Fastnet. In the table below are set forth the values of the coefficient k (flesh). * Omitted in Figure 10 .
The relation between depth and" condition" in the flesh can still be traced, but there is a discrepancy in the 60-69-cm. category, where the Outer Fastnet value is lower than the Inner Fastnet value, and in the 70-79-cm. category, where the Galley Head value is very high.
In Figure 11 are set forth the curves for increase in weight of the liver, with increase of length, in male dogfish in the four Fastnet stations. These curves show, even more clearly than those for the females, the increase in mean weight of the liver with increase of depth. There is one curious difference between males and females, however; as Figure 11 shows, the curve for increase of weight with increase of length does not continue to rise, but falls away from the 60-69-cm. category to the 70-79-cm. category. This falling-off in the condition of the larger (and older) males may also be observed in the variations in the value of the coefficient k (liver). There is only one exception to the otherwise perfectly demonstrated increase in mean weight with increase in depth; this is in the 60-69-cm. category, where it is seen that the Outer Fastnet sample gives a low value of k (liver).
When the curves for increase of weight in the flesh, with increase of length, are drawn, an increase of mean weight with increase of depth is shown more definitely than in the female, though not nearly so well as the liver in either sex. These curves are not shown in the text, since it is plain that the flesh does not share, to an extent comparable with the liver, in the curious agreement between depth and condition to which this section draws attention. The values of the coefficient k will be sufficient to indicate the variations in the condition of the flesh, with regard to depth.
When these variations, in the case of the males, are examined, as in the In summing up the deductions to be drawn from this examination of the data from the Fastnet region, it may be said that the liver, in both males, and in immature and non-pregnant females, shows a striking agreement with depth, such that the weight of the liver increases with increase of depth. This increase may be shown both by an inspection of the actual mean weights, and by using the length-weight coefficient k. The flesh shows this relation to a much slighter degree, especially in the deeper water.
When the males are compared with the immature and non-pregnant females, it is found that both liver and flesh in the female are slightly heavier, at any given depth, than in the male. This may be shown conveniently by using the coefficient k, as in the table below. The exceptions to the above, in the case of the liver, are in the 50-59-cm. and 60-69-cm. category in the Galley Head sample, and the 60-69-cm. in the Inner Fastnet sample. In the case of the flesh, the only exceptions are FASTNET GROUP. FIGs. 12 and 13.-Banks-Westward Region. Curves showing increase in mean weight of liver, with increase of length, in male (Fig. 12) and female (Fig. 13) These results, based on the well-sampled Fastnet group of stations, confirm, by an inspection of the lO-cm. categories, the conclusions, based on the mean values of all specimens, drawn from Tables IV and V ; they may now be compared with the Banks-Westward, and Galway-Bull groups of stations.
Depth
A comparison of the mean weights of liver and flesh at the three stations in the Banks-Westward group of stations is difficult, because, as we have seen in Section I, larger fish, especially females, are rare or absent in the Banks and Cockburn Bank.samples, while smaller fish are lacking in the Westwa;rd sample.
In Figure 12 are drawn three curves, distinguished by conventional signs, representing the increase of mean weight of the liver of male dogfish, with inorease of length, in the three stations of the Banks-Westw~lrd series. The curves do not lie parallel to one another, and do not show the same increase in mean weight, with increase of depth, shown by the fish in the Fastnet region. The curves for the shallowest (Banks), and the deepest station (Westward), are continuous with each other, while the curve for the Cockburn Bank sample cuts both, showing the same fallingoff at the higher-length category shown by the males in the Fastnet stations.
In Figure 13 the corresponding three curves for the females are drawn. Here there is a definite relation between mean weight and depth, but it is the reverse from what was found in the Fastnet region. Here, the mean weight of the liver decreases with increase of depth.
In the table below are set out the values for the coefficient k in both liver and flesh, for both sexes, in the three stations of the Banks-Westward regIOn.
An inspection of this table shows that the relation between depth and condition in the liver tends to be an inverse one, especially in the female, whereas the flesh tends to show a direct correlation between depth and condition. When the values of k (liver) and k (flesh) in males and females are compared, as in the table above, it is apparent that, in some cases, the liver and flesh are heavier in the male than in the female, while, in other cases, the reverse is true. Thus, the male liver is lighter than the female liver in the Cockburn Bank sample at 50-59 em., in the Banks sample at 60-69 em., and in the Westward sample at 70-79 em. The male flesh -is . lighter than the female flesh in the Banks, and Cockburn Bank samples at 50-59 em., in none of the samples at 60-69 em., and in the Westward sample at 70-79 em. Thus, neither the increase in mean weight of the liver, with increase of depth, nor the greater mean weights of liver and flesh in the female, are definitely confirmed by the Banks-Westward samples, and, though the data available from these are inadequate for a comparison with the Fastnet samples, they must be borne in mind, especially the reversal of the depthweight relation in the females in the Banks-Westward region.
In the Galway-Bull group, a profitable comparison is only possible as between the pregnant females, since males of a size greater than 50 em. were practically absent from all three stations, and immature and nonpregnant females were absent from the Galway Bay sample, and from the sample from very shallow water inside the Aran Islands. It may be pointed out, however, that, as Table V shows, immature females have a very high value of k (liver) (.0409) in the Bull sample (130 fathoms). This is also true of the flesh.
. Comparing the pregnant females in Table VI from the station inside the Aran Islands (21 fathoms) with those from the Galway Bay station (55 fathoms), it can be seen that the flesh of the pregnant females at these two stations is approximately equal, the liver distinctly lighter in the shallower station.
It should be interesting to compare the mean weight and the mean value of the coefficient k, in pregnant females from the Galway-Bull groups of stations, with the Fastnet and Banks-Westward groups of stations, because it was suggested, in the first section of this paper, from an examination of the length-distributions, that the three groups of stations showed, in the order named, a progressively later stage in the birth of the young. The comparison may be made by an inspection of Table VI. The lowest value of k, in the flesh, is found in the-Bantry Bay sample. The very shallow water station inside the Aran Islands, and the Galway Bay station, have values which, though equal to, or higher than those for Bantry Bay, are considerably less than those for Galley Head, and the Westward ground. The last-named stations have liver and flesh showing contrary tendencies. The liver in the Westward sample is considerably heavier than the liver in the Galley Head sample, but the flesh ip.the Westward sample is slightly lighter than the flesh in the Galley Head sample. But before the data in this table can be examined for confirmation, or the reverse, as to whether the process of parturition of the year's brood of young progresses from west to east, as suggested earlier in this paper, the liver and flesh in pregnant and non-pregnant females must be compared.
A direct comparison is possible at only two stations, namely, Galley Head, and the Westward, since the fish compared must be of approximately equal length.
In TableXIIA,below, aresetout themeanweights, andthe mean values of the coefficient k, in both liver and flesh, at these two stations, in the 80-89-cm. category.
Both stations agree in the following points: The liver of the pregnant female is lighter, having regard to the mean lengths, than that of the nonpregnant female, and the flesh of the pregnant female is heavier than that of the non-pregnant female. In the 70-79-cm. group, in the Westward sample, the liver is considerably lighter in the pregnant than in the nonpregnant fish, but the flesh is also lighter. As Table XVIII in the Appendix shows, the value of k (liver) is always low in pregnant females.
A voyage made on the Fleetwood steam-trawler Kumu in October, 1928, to the Inishtrahull grounds, off the north-west of Ireland, gave me a good opportunity to compare the mean weight of liver and flesh as between non-pregnant females, females early in pregnancy, and females late in pregnancy. As in Ford' s November samples at Plymouth, there were three groups of embryos at this time. There were large embryos, from 22 to 27 em., smaller embryos from 7 to 10 em., and, finally, very young embryos still enclosed in their horny capsules. The female dogfish were divided into three classes, namely, non-pregnant females, females containing horny capsules, and females containing embryos of the two larger sizes. The length-category 80-89 em. was chosen for the comparison, which is made in the table below. In comparing the non-pregnant females (row 1) with the pregnant females containing embryos (row 3), exactly the same relation between the two classes is shown, as has been described in the Galley Read and Westward samples. The liver is considerably lighter in pregnant than in non-pregnant females, the flesh decidedly heavier.
In the pregnant females containing capsules, that is, in an early state of pregnancy, the liver is only slightly lighter than the liver of nonpregnant females, but the flesh is already decidedly heavier. Thus one may suggest that the liver is gradually drained of its resources during pregnancy; but the increase of weight of the flesh may be due to a development of the musculature to cope with the extra work involved during the long period of pregnancy.
Returning to Table VI , it is seen that, although the Bantry Bay sample has the lowest k value of liver and flesh, the two stations in the Galway-Bull group have lower combined k values of liver and flesh than the two stations in the Fastnet group, and may therefore probably show a more advanced state of pregnancy in the females, subject to the qualification set out in the following paragraph.
On the other hand, Table XIIA also showsthat the difference between the mean weights of the liver and flesh in pregnant and non-pregnant females is much less in the Westward than in the Galley Read sample. In the dogfish samples obtained on the voyages of the FlorenceBrierley, there was no difference between the mean values for k (liver) in pregnant and nonpregnant females. The mean value of k (liver) in the pregnant females was '042, identical with that for the non-pregnant females. These fish were all taken in very deep water, and it may therefore be possible that the greater part of the weight of the liver lost by the pregnant females may be lost during the actual inward migration from deep to shallow water.
During the 1928cruiseof the GeorgeBligh I made a note that the liver of the embryo dogfish appeared remarkably creamy and full, almost filling the body-cavity. During the 1929 cruise, I was able to make some experiments to test this.
The modal length of the embryos found in Galway Bay was 21 em., and the first mode of free-living young was at 29 em. The value of k (liver) in the embryos at the modal length (mean of 9 specimens) was '033, in the free-living young (mean of 15 specimens) ,025. Thus, from an investigation of an admittedly small number of fish, the conclusion seems to be confirmed that the liver in the embryo is very much heavier, relatively, than the liver in the newly-born fish, and that the very rapid growth which seems to take place immediately after birth may be at the expense of the material stored in the liver. Reach (1912) finds that, in Torpedo, the embryo collects reserve fat in the liver, at the expense of the yolk.
During the exploratory voyages for Rake organised by the Fleetwood The numbers along the abscissa are the serial numbers of the hauls, in the order in which they were made in the Faroe-Shetland Ohannel. These numbers may be compared with the numbers in the Appendix, * from which the details of the hauls may be gleaned. The ordinates represent the mean value of the coefficient k (liver) (scale on the left), and the mean depth of haul (scale to right).
Three curves are drawn. The continuous line represents the mean depth, the pecked line the mean value of k (liver) in the females, and the dotted line the mean value of k (liver) in the males.
There is a direct coincidence between the mean value of k (liver) imd the * Tables XVIII and XIX. relation between the mean depth of haul and the mean value of the coefficient k (liver). In Figure 15 free-hand curves are drawn through the plotted points for mean value of k (liver) in the immature and non-pregnant females from the GeorgeBligh series of observations (black dots), and from the Florence Brierley series (crosses). As the table in the Appendix shows, the mean length of the females in the Florence Brierley samples varied between 74.7 and 83.9 em., hence they have been compared with the lengthcategory 70-79 em. in the GeorgeBligh series. A further point to notice is, that, in the Florence Brierley samples, pregnant and non-pregnant females have not been distinguished; but, as has been stated, there was no difference in the mean value of k (liver) in pregnant and non-pregnant females. Figure 15 shows that the two series of samples give free-hand curves which !1r8v8ry gimil!1r!1nd r!\!1gon!1bly eontinuoug. Th!\ eurv!\ d!\riv8d from the Florence Brierley samples is decidedly flatter than that derived from the GeorgeBligh samples, but one may say that, on the whole, the Florence Brierley samples, which continue into deeper water than the GeorgeBligh samples, also continue the upward slope of the curve for mean value of the coefficient k (liver).
In Figure 16 are drawn the corresponding curves for males in the two series of samples. As in the females, the males in the Florence Brierley samples are compared with the males of 70-79 cm. in the GeorgeBligh samples, since the males in the former have a range in mean length of 70.3 t~74.6 cm., or very similar to that of the males of 70-79 cm. in the GeorgeBligh samples.
Owing chiefly, no doubt, to the difficulty of assigning a correct mean Tables XVIII and XIX. depth of haul to the hauls made on the slope, which is very steep beyond 150 fathoms in the Faroe-Shetland Channel, the plotted points for the Florence Brierley males are scattered somewhat irregularly as compared with the GeorgeBligh males. None the less, where the depths worked by the two expeditions meet, at 90-110 fathoms, their plotted points are in good agreement, and the two curves are wholly comparable. Figure 16 therefore shows that, in male dogfish, the mean value of k (liver) increases, with increase of depth, to a depth between 90 and 110 fathoms. At depths greater than this, the mean value of k (liver) decreases with increase of depth.
In the first section it has been stated that, at or over very great depths, were found shoals of exclusively male dogfish; these may certainly be regarded as having been taken in midwater during the hauling or shooting of the trawl. In my report on the fishes taken by the Florence Brierley (Hickling, 1928) 
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DEPTH every depth fished, from 90-100 to 500-520 fathoms. At depths greater than about 250 fathoms, males alone were taken. Hjort (1912)records the finding of Acanthias vulgaris living pelagically over very great depths north of the Faroes. Hence it would appear that, possibly at all depths, and certainly over the very deep water in the region of the continental slope, the spur-dog can, and does, live pelagically. Figures 15 and 16 should therefore be interpreted thus, in my view. The females are bottom-living to a greater extent than the males, and, while it is possible that, as indicated, perhaps, by the flattening of the curve, in Figure 14 , beyond 100 fathoms, they become to some extent pelagic in deeper water, the males certainly do so beyond this depth, and, from this depth toward deeper water, tend to live more and more pelagically, that is, for an increasingly large proportion of the fish to have been taken at depths intermediate between surface and bottom. This would explain the progressive decrease in mean weight of the liver in the. males, with apparent increase of depth, beyond about 100 fathoms; it is entirely consistent with the curious segregation of males alone in, orover, very deep water. But this will be touched on again in the discussion.
DISCUSSION.
As a result of the study of the length-distributions of the dogfish at the various stations, it was concluded that (1), the fish are segregated according to size in such a way that the smaller fish are found in shallower, the larger in deeper water; (2) the males are 'found in shallower water than the females of the same size; and (3) the pregnant females make a migration into shallow water, passing through the shoals of dogfish of smaller sizes, to bear their young.
This graduation according to size is well known among fishes. Thus, Meek (1916) writes, of fish in general, "after a period in relatively shallow water, and this period is generally the summer, the shoal migrates to deeper water. At first, the migration is not to a great distance, but with growth the annual pulsation becomes greater and greater." Of the Spurdog he writes, " the young of the species measure 22 to 25 em., and they remain inshore during the summer. . . . They do not appear to migrate far from the coast in the first winter. The migrations are local during the phase of immaturity, and when the dogfish reach maturity, they tend to migrate into shallow water in summer, and to deep water for winter, keeping together in large companies." Ford (loc. cit.) made notes on the composition of the dogfishshoals occurring off Plymouth. His samples were taken by fishing vessels, hence, as might be expected, he makes no mention of very small newlyborn fish. From November 26th to July 29th his samples consisted of " medium-sized:6.sh, ofwhich the majority wereimmature£emales," and "immature fish in which males and females were equal in number." The range in length seemedto be from 36 to 60 cm., and usually 40 to 60 cm. This is what one would expect in samplesfrom shallow water. The inward migration of the pregnant femalesin the autumn is clearly indicated by his samples11, 12, and 1, in August and early November. The withdrawal of the femalesafter the birth of their young is indicated by the statement that" towards the end of November,it becamenoticeablethat. . . the proportion of the conspicuouslylargefish wasdiminishing." Ford's conclusionthat" Size and sexual condition are important factors in the constitution of the shoals in this species, the former probably being the more influential one," is also in entire agreement with my results, and I consider that the two sets of observations confirm one another in a very satisfactory way. His sample 2, from the catches of a steam-trawler, in which only 19,8% of females were present, can be explained by the assumption that she was fishing in a region where, as on the Cockburn Bank in our samples, males greatly predominated as a result of the segregation of the dogfish by size, and the concentration of the older year-classes of males at a certain depth, as eXplained earlier in this paper. The observation of Borcea (1905) that only females are found off Roscoff in the summer, is' probably a further observation on the inward migration of the pregnant females. Quigley (1928) , however, finds that the shoals of the Pacific dogfish" consisted of both sexes, and all sizes of fish, or else the' baited set-line' had been visited within a few hours-by several different shoals." Especially significant is his observation that" the largest fish were usually: taken at a greater depth than the smallest, and it may be that the composition of the shoals is in part determined by size." . The study of the variations in " condition" of the dogfishled to the conclusion that, although indefinite and even contrary results were found in the Banks-Westward region, there is, in the liver, and perhaps to a less striking degree in the flesh, a relation between depth and" condition" in males, immature females, and pregnant females. The" condition" improves from shallower to deeper water.
It should be emphasized that this is no mere" statistical figment" ; the work was commenced as a result of the obvious difference in size and oiliness between the livers of dogfish taken in deep, and shallow water, a difference most noticeable on dissection. Polimanti (1915) investigated the fat-content of a number of fishes from a variety of habitats, and found that the fat-content decreased with increase of depth, in such a way that pelagic fish had the highest fatcontent, and that bottom-living fishes had a fat-content decreasing as the depth of the habitat increased. Deep-sea fishes, of which, however. he was able to analyse only one species, the bathypelagic Cyclothonemicrodon, had the lowest fat-content. He was of the opinion that a high fat-content supplements the swim-bladder as an agency of flotation, in fact, that the functional relations between the swim-bladder and the fat and water content are very intimate. He quotes the well-known relation between fatcontent and vertical movement in fish eggs and larvre, and also quotes those authors who have shown that, in Clupeidre, there is a relation between fat-content and depth: in the summer they live at the surface, and are rich in fat, while in the winter they live in the depths, and are poor in fat.
In a paper to Section D of the British Association in 1927, I pointed out that, since the liver in the dogfish is known to consist largely of oil, .a fish with a large liver must be relatively lighter, in relation to the water in which it swims, than a fish with a small liver. The liver, in fact, must act more or less as an organ of flotation, just as Polimanti suggested for fat in general among fishes.
During the 1928 cruise of the GeorgeBligh I made direct determinations of the specific gravity of dogfish. The loss in weight on weighing the fish first in air, and then in sea-water, was used for calculating the specific gravity. The results are given in Table XX . The weighted mean value of k (liver) is also given for comparison. The specific gravities are the means of a good number of determinations in each case, made during the most favourable weather conditions. In Table XX the stations at which these determinations were made are arranged in order of depth. Table XX shows in quite a striking degree the increase in the index of condition, with increase of depth, in both sexes. In the males, the specific gravity tends to decrease with increase of depth, but the females show no relation between the specific gravity and depth. It is possible, however, that the development of the very large eggs, and pregnancy, serve to discount the effect of local differences in the buoyancy of the . liver.
. None the leBB, the femaleshave a consistfmtlylowBrgpBeifie gravity than the males, which is in good agreement with their consistently heavier and larger liver. This seems to support the hypothesis that the condition of the liver affects the specific gravity. Masterman (1911) reports on the specific gravity of the Plaice, and found that this decreases with increase of depth, especially in the females wh~re it decreases from 1.077 at depths of less than 20 fathoms, to 1.068 at 30 to 40 fathoms. According to these experiments, in the Plaice, as in male dogfish, the fish are lighter, relatively to the water in which they swim, in deeper than in shallower water.
My observations are confined to weighings only, and no chemical analyses have been possible. But there is no reason to doubt but that the increase in the bulk of the liver, which takes place in the deep, as compared with the shallow water, is due to an accumulation of fat. Therefore my results contradict Polimanti's, except, perhaps, in the females of the Banks-Westward series, and in the males in the deep water of the FaroeShetland Ohannel, where the liver decreased in weight with increase of depth. But it is difficult to see how Polimanti's general conclusion can be upheld in the case of the deep-sea bathypelagic selachians. In Scymnorhinus lichia, for example, the liver is enormous: it fills the bodycavity, and may even protrude through the abdominal pores. The liver of this shark is very rich in oil. I have some data on the weight of the liver in the deep-sea selachian Spinax niger.
. During a voyage on the Oardiff steam-trawler Nogi in January, 1928, I weighed the livers of 30 mature specimens of Spinax, ranging from 34 to 45 cm. in length. The mean value for the coefficient k (.liver) was '0736, and the weight of the liver amounted to 24% of the weight of the fish. The range in depth of Spinax, according to my observations on the Florence Brierley, is from 120 to 400 fathoms, and of .scymnorhinus from 220 fathoms to at least 520 fathoms (Hickling, 1928) . Hence it is plainly incorrect to assume that deep-sea fish are poor in fat-indeed, among selachians, at least, the reverse seems true, for the highest mean value for the coefficient k (liver) in Acanthias was .0409 (Bull, 130 fathoms), which is far less than the figure of .0736 quoted above for Spinax. Ohannon (1928) has analysed the liver oils from a considerable number. of species of fish, and gives, in tabular form, the percentage of unsaponifiable matter in the oils. Of especial interest is his Table III , in which those members of the Selachii which he examined are arranged in order of decreasing content of unsaponifiable matter. It is plain that these fish are also arranged in decreasing order of depth. The deep-sea sharks Scymnorhinus, Lepidorhinus, and Spinax, have very high values, the shallow water sharks Lamna, ScyHium, and Galeus, have very low values for percentage of unsaponifiable matter; while Acanthias and Notidanus' have intermediate values. It seems reasonable to suggest that a modilication in metabolism, with reference to depth, which takes place in the Selachii as a group, may also take place in a single species; and that the increase in mean weight of the liver, with increase of depth, observed in Acanthias, may be due to an increasing quantity of unsaponifiable matter. The point will be tested, if opportunity offers.
We may now put side by side the main facts relating to the distribution of the dogfish on the one hand, and the condition, with especial reference to the liver, on the other.
(1) The fish are segregated according to depth, so that the smaller fish are found in shallower water, the larger in deeper water.
(2) The males are found in shallower water than the females of the same size.
(3) The pregnant females migrate from deep to shallow water to bear their young.
(1) The coefficient of condition in the liver is higher in larger than in smaller fish.
(2) The males have a lower coefficient of condition in the liver than the females.
(3) Pregnant females have a lower coefficient of condition in the liver than non-pregnant females, the difference increasing with decrease of depth.
When it is remembered that the coefficient of condition increases with increase of depth quite independently of the increase due to the greater mean length, these three pairs of facts fall surprisingly into line. The large fish have a higher coefficient of condition than the small fish, and are found in deeper water; the females have a higher coefficient of condition than the males, and are found in deeper water than the males of the same size; and, finally, the pregnant females are found to lose condition as they migrate from deep to shallow water. .
On the other hand, we have seen that, in the Banks-Westward region, the dogfish were present in deeper water than those of the same size in the Fastnet region (Section I), yet, as Tables IV and V show, the mean values for the coefficient k (liver) are lower, not higher, in the Banks-Westward than in the Fastnet series.
It is not suggested that the" condition" is responsible for the distribution: it is hard to see how this could be the case. The only conceivable manner in which condition might affect the vertical distribution of the fish would be, as Polimanti suggested, by its effect on specific gravity. But dogfish with a lower specific gravity are found in deeper water, not in shallower water, as Polimanti's hypothesis demands. It might also be suggested that the inward migration of the pregnant females is due to the drain on the resources of the liver, causing a loss in condition, and therefore a movement into shallower water, but, in deeper water, the condition of pr~gMnt and of non-pregnant females di:fters only slightly, the difference, however, becomes progressively greater as the water becomes shallower. The" condition" would seem to be rather a consequence of the distribution, than a cause of it. Borley (1912) found that there was a correlation between distribution and condition in Plaice, such that the smaller Plaice were in better condition in shallower water than in deeper water; the medium-sized Plaice were in better condition at intermediate depths than in either deep or shallow water; while large Plaice were in their best condition in deep water. He suggests that" grounds of different depth. . . are suitable to the nourishment of Plaice of different sizes, the size increasing with depth. "
This hypothesis might be applied to the dogfish. If shallower water is better suited to the nourishment of small dogfish than deeper water, then they will tend to collect and remain in shallow water, and to be in their best condition there. In Figures 9 and 12 , for instance, the curves tend to intersect so as to indicate that, although the larger fish in the samples have heavier livers in the deep than in the shallow water, among the smaller fish the reverse may be the case. Unfortunately, fish smaller than 50 em. were not weighed. But the hypothesis would also have to explain the tendency for the males to be found in shallower water than the females of the same size, and to explain the loss of weight during the inward migration of the pregnant females.
Such notes as have been made on the stomach:-contents of the dogfish do not support the idea that the deeper water provides more suitable food for the larger fish than the shallower water.
In the very shallow water stations inside the Aran Islands (21 fathoms) and in Bantry Bay (30fathoms), the food consisted of herrings, small horsemackerel, garfish (Belone), and whiting; in Galway Bay (55 fathoms) and off Galley Head (61 fathoms), herrings, mackerel, horse-mackerel, whiting, bib (Gadus minutus), "smelt" (Argentina sphyrmna), and Eupagurus, were found in the stomachs ; while on the Westward ground (105fathoms), the food consisted of large hor ('!e-mackerel,blue whiting (Gadus Poutassou) , and squids. The presence of herrings, mackerel, and garfish in the shallower water would seem to provide a richer fare than the large horsemackerel, blue whiting, and squids in the dee.per water.
Of course, a loss of condition can be the result of rapid growth in length, as well as of an environment less favourable to the nutrition of the fish. But if the poorer condition of the dogfish in the shallower water were due to their more rapid growth, one would expect that the fish in the shallower water would be larger than those in the deeper water, whereas the reverse is found.
The shoaling of the dogfish by size is easily understandable on Ford's suggestion that it is more advantageous for fishes of the same size to congregate together, since, in shoals of fish of very varying sizes, it is probable that the small fish would suffer disadvant~ge, for instance, in their chances of obtaining food. The presence of the very small fish in shallow water is the consequence of their having been born there. But the persistence of the small fish in shallower water, and the very perfect graduation with depth according to size, calls for a special explanation.
-A tentative modification of Borley's hypothesis is here suggested. It seems possible that depth itself involves some factor, or factors, tending to modify metabolism in the direction of greater storage of reserve material, and in an increase both in the proportion, and in the actual quantity, of unsaponifiable matter in the liver. The value of one unsaturated hydrocarbon, squalene, as a reserve material, is attested by its presence in the egg-oils of some Selachians. Heilbronn, Kamm, and Owens (1926) found that the young eggs of Spinax contained squalene, and that it was absorbed during the development of the embryo. Temperature may play its part, though the difference in temperature as between deep and shallow water is usually slight. However, in the deeper water there is a greater uniformity of temperature than in the shallower water. Pressure itself may be a factor of importance. This suggestion certainly derives some support from the hake, which retires to deep water during its exhaustion after spawning, and, in the conditions found there, makes a rapid recovery. (Hickling, 1930.) As sexual maturity in the dogfish approaches, the fish tend to find the depth best suited to the accumulation of reserve material, rather than for growth alone, and thus, according to my hypothesis, seek deeper water. The more katabolic males, in which, in any case, the strain of reproduction is much less severe than in the females, will not need to seek such deep water as the more anabolic females, if the greater depths have an increasingly beneficial effect. Finally, the inward migration of the pregnant females carries them into depths less fav:.ourableto the replenishment of the reserve material, which is being withdrawn both to supply the energy for migration, and to nourish the young. There is thus a heavy loss in condition.
In this way, the" condition" might be the result of the distribution, and the distribution the result of the tendency of the fish to place itself in the most favourable conditions to satisfy its present metabolic needs.
While this hypothesis may go some way to meet the facts, it is always possible that the correlation of condition and depth may be dependant on some factors in the life-history of the fish, of which Wf}are at present ignorant.
It IDltYbe Itdded, finltlly, thltt the Spur-dog ig it hitrdy figh,which would seem well suited to physiological experiments, and especially experiments on metabolis~.
SUMMARY.
In August, 1928, dogfish were measured at a series of stations to the south, south-west, and west of Ireland. A relation was found between size. and depth, such that the smaller fish were most abundant in the shallower water, the larger fish in deeper water. This relation was broken only by the pregnant females, fish generally over 80 cm. in length, which were in process of migration into shallow water to bear their young.
The male dogfish were present in shallower water than the females of the same size.
The sex-ratio varied with depth. In shallow water there was a slight predominance of females, at intermediate depths a predominance of males, and in deep water a gradually increasing predominance of females. This predominance of males at intermediate depths is liable to be masked by the inward migration of the pregnant females. [Over very deep water in the Faroe-Shetland Channel, in March, 1927, shoals of dogfish, consisting exclusively of mature males, were found.]
Weighing experiments were made both in the Faroe-Shetland Channel and off Ireland. The mean weight of the liver, and to a lesser degree, of the flesh, was greater in deep than in shallow water. That is, the fish were in better.wndition in the deep than in the shallow water. Exceptions were found both in the series of Irish stations and in the Faroe-Shetland Channel. [In the very deep water worked in the last-named region, the index of condition of the liver in the males decreased with increase of depth. It is suggested that this apparent progressive decrease in condition with increase of depth is actually due to an increasingly large proportion of the fish having been taken in midwater during the hauling and shooting of the trawl.]
The condition of the liver improves with increase of length, in both sexes: the livers of female dogfish are in better condition than those of male dogfish taken under the same conditions. Pregnant females lose condition during the migration from deep to shallow water. In the deep water they have an index of condition almost as high as non-pregnant females. Generally speaking, pregnant females have a lighter liver, but heavier flesh, than non-pregnant females.
These variations in condition are related to the distribution of the dogfish, but, in the discussion, it is concluded that the condition is the result of the distribution, rather than the cause of it, as Polimanti suggests. The better condition of the fish in deeper water is regarded as due to an effect of depth, possibly pressure, on the metabolism of the fish, favouring anabolism rather than katabolism.
Under the increased metabolic strain of maturity, the larger fish may therefore seek deeper water, the more anabolic females to a greater extent than the more katabolic males.
Female dogfish have a lower specific gravity than the males, in .agreement with their larger liver.
The index of condition of the liver is much higher in Embryos than in newly-born dogfish, and it is suggested that a sudden spurt of growth takes place immediately after birth, at the expense of the material stored in the liver of the embryo. LITERATURE CONSULTED. 
